Introduction
Various intrinsic and extrinsic risk factors have been identified that contribute to AKP (Waryasz & McDermott 2008) . Extrinsic risk factors include the type of activity, manner in which the activity is performed, environmental conditions and the effect of the equipment used during physical activity, for example air resistance, gravity and ground reaction forces, and shoes (Brukner & Khan 2013) . Intrinsic risk factors relate to individual physical characteristics and psychological traits (Brukner & Khan 2013) . The intrinsic factors include quadriceps weakness (especially in the vastus medialis oblique [VMO] ), tightness of the gastrocnemius-soleus complex, dysfunction of the hip muscles, foot overpronation, generalised joint laxity, limb length discrepancy, patellar malalignment and patellar hypermobility (Brukner & Khan 2013; Halabchi, Mazaheri & Seif-Barghi 2013) .
The first author has observed that injuries associated with AKP are experienced by many runners from under-resourced communities and often unnecessarily spell the end of their running careers because of the lack of rehabilitation services in these communities. Although AKP responds to conservative management in 95% of cases (Tria, Palumbo & Alicea 1992) , poor rehabilitation services lead to runners training and competing with injuries, which results in further complications. It is widely recognised that athletes from low socio-economic communities generally present with poorer health outcomes than those from better resourced communities (Finch et al. 2008; Golle et al. 2014 ). According to Finch et al. (2008) , athletes from low socio-economic communities present with increased risk of injuries because of various factors including the lack of health resources, coaching or training professionals, people to organise and deliver sports, and attitudes towards injuries.
There has not been a study in South Africa that has reported on AKP prevalence and its risk factors in poorly resourced communities. Hence the aim of this study was to determine the prevalence and modifiable intrinsic risk factors for AKP among runners in under-resourced peri-urban communities in Ekurhuleni, Gauteng Province.
Methods
This cross-sectional study population included 347 longdistance recreational runners from six developmental running clubs, in under-resourced peri-urban communities in Ekurhuleni, Gauteng Province. A Raosoft statistical tool was used to calculate a sample size of 183 participants, taking into consideration a 95% confidence level, 5% margin of error and 50% response distribution. Participants included runners aged between 13 and 55 years, conveniently recruited during their training sessions at the various training grounds.
Measuring instruments
Self-administered questionnaires were used to collect demographic and AKP-related data. Questionnaire 1 comprised demographic questions, which included gender, age, race, running experience, hand dominance, height and weight. Questionnaire 2 was the standardised AKP questionnaire by Kujala et al. (1993) , which consists of 13 short questions that assessed the participants' knee symptoms and their functional limitations associated with AKP. The standardised AKP questionnaire has good test-retest reliability (intraclass correlation coefficient [ICC] = 0.92) and validity (Kujala et al. 1993; Singer & Singer 2009 ).
Modifiable intrinsic risk factors were screened using 12 physical tests as follows:
The one-legged hop test assessed weakness of the quadriceps muscle, especially the vastus medialis. This test was performed three times with each leg and the hop distance was measured in centimetres from the toe. A quotient (%) between two legs was registered and was defined as abnormal if the quotient was less than 85%. The one-legged hop test has high reliability (ICC = 0.96) (Ageberg, Zätterström & Moritz 1998) .
The passive knee extension test assessed hamstring muscle tightness. In this test, the examiner positioned the athlete supine and passively lifted the straightened leg and measured hip flexion. The test is considered positive if the range measured is less than 80° for men and 90° for women. This test has excellent inter-rater reliability (ICC = 0.93) and test-retest reliability (ICC = 0.94-0.96) (Gabbe et al. 2004 ).
To measure tightness of iliopsoas muscles, a modified Thomas test was used. The participant perched on the end of the plinth and rolled back to supine while holding both knees with both hands close to the chest. He or she was then asked to release one leg and hold the other one in full hip flexion. The examiner then assessed the hip flexion angle of the released leg. If the angle was greater than zero (above the horizontal line), the test was considered positive, which indicated a shortened iliopsoas muscles. This test has demonstrated very good to excellent inter-rater reliability (ICC = 0.92) and test-retest reliability (ICC = 0.63-0.75) (Gabbe et al. 2004 ).
The Ober test measured the tightness of the iliotibial band muscle. This test was done while side lying. The lower leg of the participant was flexed to 45° knee flexion while the examiner stabilised the pelvis. The top knee was flexed to 90° and the hip was then passively brought to abduction and extension. The examiner then gently released the leg into adduction. If the hip remained abducted (above horizontal level) the test was considered positive. The intratester and intertester reliability of this test are very good (ICC = 0.94 and 0.73, respectively) (Melchione & Sullivan 1993) .
The weight-bearing lunge test measured tightness of the gastrocsoleus complex. This test measures the angle of dorsiflexion at the ankle joint. The participant placed the tested foot forward on the floor and was asked to lunge forward and try to touch the wall in front with his or her knee while the other leg was placed backwards. The distance between the toe and wall was gradually increased until no further ankle range was achieved. The distance between the big toe and the wall was then measured using a tape measure.
A distance of less than 12.5 cm indicated a positive test. The weight-bearing lunge test has been found to have excellent intrarater (ICC = 0.97-0.98) and inter-rater (ICC = 0.99) reliability (Bennell et al. 1998 ).
To measure hip muscle dysfunction (abductor muscle), a Trendelenburg test was used. In this test the participant stood on one leg with both hands on the hips and the examiner observed hip alignment (both hips maintained at a horizontal level). If during unilateral weight bearing the pelvis dropped towards the unsupported side, the test was considered positive. The Trendelenburg test has been used successfully by various authors to assess hip abductor muscle dysfunction (Asayama et al. 2002; Baker & Bitoums 1986; Barber et al. 1996; Downing et al. 2001; Inan et al. 2005; Pai 1996; Ramesh et al. 1996; Reikeraas et al. 1996) .
The Foot Posture Index version 6 (FPI-6) measures foot pronation abnormalities. This is a six-item assessment tool with each item scoring between -2 and +2 to give a sum of -12 (highly supinated) and +12 (highly pronated). The following are the items assessed when using this method: talar head palpation, curve above and below the lateral malleoli, calcaneal angle, talonavicular bulge, medial longitudinal arch and forefoot-to-rearfoot alignment. The FPI-6 tool has demonstrated good inter-item reliability (Cronbach's alpha = 0.83) (Redmond, Crosbie & Ouvrier 2006) .
To assess for general joint laxity, a Beighon and Haraan Joint Mobility Index (BHJMI) was used. This tool has a scoring of 0-9, where the higher score indicates greater joint laxity. Mobility of the little fingers, thumbs, elbows, knees and trunk forward flexion are assessed. The BHJMI has been shown to have good inter-rater reliability (ICC = 0.82) and intrarater reliability (ICC = 0.92) (Boyle, Witt & Riegger-Krugh 2003) .
A tape measure was used to assess limb length discrepancy. Leg length differences were evaluated by measuring the distance between the anterior superior iliac spine and the medial malleolus of both legs in supine. This test has high intrarater and inter-rater reliability (ICC = 0.89-0.99) (Gogia & Braatz 1986; Hoyle, Latour & Bohannon 1991) . Patellar tilt and mediolateral glide tests were performed in order to assess patellar malalignment. The patellar tilt test was performed by assessing the height of the medial patella border with that of the lateral patellar border. The examiner placed his thumb and index finger on the medial and lateral border of the patella. If the digit palpating the medial border was more anterior than the lateral border, then the patella was tilted laterally. If the digit palpating the lateral border was more anterior than the medial border, then the patella was tilted medially (Dixit et al. 2007 ). The mediolateral glide test was also performed using a tape measure to record the distance from the mid-patella to the lateral femoral epicondyle and the distance from the mid-patella to the medial femoral epicondyle. Normal alignment was indicated by the position of the patellar equidistant from each epicondyle. These tests have been used successfully in other studies; however, the intrarater and inter-rater reliability has been found to be low (ICC = 0.44-0.50 and 0.20-0.35, respectively) (Watson et al. 2001 ).
The patellar mobility test was used to measure the passive mediolateral range of resting patellar motion and the integrity and tightness of the medial and lateral restraints. The test was performed with the participant's knee flexed 20° -30° and the quadriceps muscle completely relaxed. Lateral patellar mobility of three quadrants is suggested as incompetent medial restraint, and medial mobility of three quadrants suggests patella hypermobility (Dixit et al. 2007 ). The patellar mobility test has been used successfully by various authors, but its reliability has been found to be quite low. Intrarater reliability varies from 0.39 to 0.47 and interrater reliability is 0.31 (Watson et al. 2001 ).
Data collection procedure
Runners were given leaflets containing the purpose, objectives and methods of the study and were requested to complete consent forms if they wished to participate in the study. Consent was obtained from parents or guardians of participants younger than 18 years and assent from these participants. A pilot study was conducted among 18 participants prior to the main study and no adjustments were required on the data collection tools used; hence, the data obtained were included in the main study. The first author distributed questionnaires to be completed by participants during their training sessions and then conducted the screening tests immediately after the participants completed the questionnaires. Screening data were captured on a data collection sheet developed by the first author.
Data analyses
Data were captured in Microsoft Excel and then imported into SPSS for analysis. Descriptive and inferential statistics were used to analyse data. Descriptive statistics included the calculation of frequencies and percentages. Inferential statistics included chi-square tests, odds ratios (OR) and a logistic regression used to determine associated intrinsic factors. The level of significance was set at p = 0.05.
Ethical considerations
Ethical clearance for this study was obtained from the University of KwaZulu-Natal (clearance certificate no. BFC377/15).
Results
All 183 participants completed the questionnaires and participated in the screening. As indicated in Table 1 , the majority of participants were black (48, 80.9%), male (106, 57.9%), mostly young (18-35 years old; 94, 51.4%) with 3-5 years of running experience (57, 31.1%). Most participants presented with a normal body mass index (110, 60.1%).
Anterior knee pain was present in 73 (40%) participants (those who presented with a score of ≤ 83 according to the standardised AKP questionnaire used) (Figure 1) . A prevalence of AKP of 33 (18%) was noted among participants between the ages of 18 and 35 years (Table 2) . Table 2 ).
The binary logistic regression of risk factors for AKP among the participants is represented in Table 3 . The model used explained 33% (Nagelkerke R 2 ) of the variance in AKP and correctly classified 88.3% of cases. Modifiable intrinsic risk factors for AKP were found in most participants. The following factors contributed significantly to AKP: tightness of hamstrings (OR = 1.021; p = 0.051); tightness of iliotibial band (OR = 1.122; p = 0.046); quadriceps muscle weakness (OR = 0.154; p = 0.040); hip control muscle weakness (OR = 1.131; p = 0.004) and patellar tilt abnormalities (OR = 1.332; p = 0.015).
Discussion
Runners in this study were from communities with scarce rehabilitation services, and this places runners at risk of training and competing with injuries that are not appropriately rehabilitated. From the first author's experience as a physiotherapist, some runners have missed opportunities to grow in their careers because of injuries that could have been prevented, treated or rehabilitated if physiotherapists had been easily available, accessible and affordable. Anterior knee pain in addition affects the quality of life of athletes in a negative way if not managed well (Cheung, Zhang & Ngai 2013) .
Athletes with AKP usually present with pain during walking, running, squatting, going up and down stairs, jumping and pain after prolonged sitting with the knee in flexion (Finch et al. 2008; Waryasz & McDermott 2008; Witvrouw et al. 2000) . Furthermore, they may also present with knee swelling, abnormal patella movements, atrophy of thigh muscles and knee flexion deficiency. All these symptoms may contribute to a runner reducing or even stopping their running activity. The AKP prevalence reported in this study shows a high rate (40%), which is at the top end of the commonly cited prevalence of 15% -45% among the general population (Cook et al. 2010 ). This high prevalence of AKP among runners could be a result of a lack of healthcare services in these communities. The risk factor findings in this study may also provide an explanation as to the causes of AKP.
Age and running experience were significantly associated with AKP, meaning that younger and less experienced runners were more likely to experience AKP compared to older and more experienced runners. The evidence shows that AKP, in most instances, affects young and inexperienced http://www.sajp.co.za Open Access runners, which include adolescents and young adults (Boling et al. 2010; Brukner & Khan 2013; Van Gent et al. 2007) . Anatomical and biomechanical factors may contribute to AKP among young runners but the common underlying reason is mostly overuse injuries. Most young and inexperienced runners are usually affected because of sudden increases in the intensity, duration and volume of running activity; inadequate sport-specific training; poor training techniques and inappropriate equipment used for the sport (Patel & Villalobos 2017) . If professional services are scarce in communities (including the communities in this study), injuries and risk of injuries are bound to increase, which may explain why the prevalence of AKP was so high in this study.
There were a variety of modifiable intrinsic risk factors for AKP, which are also suggested in the literature (Halabchi et al. 2013; Witvrouw et al. 2000) . Quadriceps and gluteus muscle weakness, hamstring and iliotibial band tightness and patellar malalignment were found to have contributed significantly to AKP compared to the other risk factors. VMO muscle weakness contributes significantly to AKP, which is similar to the findings in our study (Waryasz & McDermott 2008; Witvrouw et al. 2000) . The VMO muscle is the main active medial stabiliser of the patella, and the lateral forces caused by the vastus lateralis muscle, lateral retinaculum and iliotibial tract frequently overpower it, if it is weak. There is usually delayed activation of the VMO compared to the vastus lateralis, which can cause an imbalance of forces, which may affect the knee. Restoring VMO strength and overall quadriceps muscle function is therefore necessary.
Dysfunction of the hip muscles (gluteus muscles), especially those responsible for hip abduction and external rotation, contribute to AKP because of their role in maintaining the optimal alignment of the lower limb during weight-bearing related activities (Brukner & Khan 2013; Halabchi et al. 2013) . Our study showed that hip abductor and external rotators were significantly weaker for participants with AKP. Similar studies have also shown significantly weaker hip abductors and external rotators ( p = 0.001-0.049) (Cichanowski et al. 2007; Ireland et al. 2003) , although Piva, Goodnite and Childs' (2005) results are contrary to our study, showing no significant relationship between hip abductors and external rotator muscles and AKP ( p = 0.218). Our study clearly indicates a need to address hip abductor and external rotator muscle strength in order to prevent or rehabilitate AKP among runners. Therefore, closed and open kinematic chain strengthening exercises are recommended to improve the strength of weak muscles, in this case, VMO and gluteus muscles (Halabchi et al. 2013 ). Piva et al. (2005) reported findings similar to our study that showed a strong relationship between AKP and reduced flexibility of the hamstring muscles. They also found a strong relationship between AKP and the tightness of other muscles, including the gastrocnemius ( p = 0.001), soleus ( p = 0.001) and quadriceps ( p = 0.001), which was not the case in our study. Puniello (1993) and Hudson and Darthuy (2009) similarly found that AKP was significantly associated with tightness of the iliotibial band ( p < 0.005). Therefore, stretching exercises to improve flexibility of tight muscles are crucial and should be included in prehabilitation and rehabilitation programmes to reduce the risks of AKP among runners (Halabchi et al. 2013 ).
Patellar malalignment is commonly believed to be the primary intrinsic risk factor for AKP (Halabchi et al. 2013) , and lateral malalignment or maltracking is an important feature of AKP (Halabchi et al. 2013) . Our study showed a significant relationship between AKP and patellar tilt abnormalities ( p = 0.015), as have Hunter et al. (2007) and Barton et al. (2010) . Strapping (using Grelsamer and McConnell's technique) can be used to treat patellar malalignment and reduce knee pain (Brukner & Khan 2013; Halabchi et al. 2013 ).
Generalised ligamentous laxity, leg length discrepancy, foot pronation and patellar hypermobility did not show any relationship with AKP. According to the systematic review by Waryasz and McDermott (2008) , these factors are also considered as risk factors of AKP among runners. The absence of association in this study could be because of the small size of the sample. A bigger study in a large population may produce different results and may include other risk factors. Generalised ligamentous laxity, leg length discrepancy, foot pronation and patellar hypermobility problems may still need to be considered as part of a prehabilitation or rehabilitation programme. Therefore, proprioception and balance exercises could be recommended to reduce pain and improve functional status in patients with joint hypermobility (Brukner & Khan 2013; Halabchi et al. 2013; Witvrouw et al. 2000) .
Leg length discrepancy also plays a role in the development of AKP (Halabchi et al. 2013 ). In the case of significant limb length discrepancy, correction of this problem is recommended, by ensuring that a shoe lift is not greater than one-half of the difference between the leg lengths (Halabchi et al. 2013) . Excessive foot pronation is an intrinsic factor identified in some studies (Barton et al. 2010; Halabchi et al. 2013) and can be modified with custom-made foot orthoses after a careful foot assessment. Patellar hypermobility and patellar tilt are also potential risk factors for AKP (Halabchi et al. 2013; Witvrouw et al. 2000) . Our study only showed that patellar tilt significantly contributed to AKP. As patellar tilt is usually a result of tight, deep, lateral retinacula structures, strapping in conjunction with a specific exercise programme is recommended for this problem.
The availability of rehabilitation services provided by a team of healthcare practitioners (e.g. physiotherapist, biokineticist and podiatrist) is important to prevent, treat and rehabilitate injuries. The outcome of this study is an indication of a need for prevention, treatment and rehabilitation of AKP injuries among runners. To provide a comprehensive programme, a multidimensional approach is required to cater for the various needs of the running population, especially from poorly resourced communities. A community-based approach could be considered to ensure that rehabilitation services are available, accessible and affordable to all runners who live in these communities. Decentralisation of rehabilitation services from urban to peri-urban and rural communities and task-shifting from qualified to less qualified rehabilitation personnel may need to be explored.
Conclusion
This study showed a high prevalence of AKP and intrinsic modifiable factors that significantly contributed to AKP. These factors included quadriceps and gluteus muscle weakness, hamstring and iliotibial band tightness, and patellar malalignment. This study provides valuable baseline knowledge that can assist in the development of comprehensive rehabilitation programmes to manage AKP among runners. A community-based and multidimensional approach programme is recommended for athletes with AKP in poorly resourced communities.
